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ROBERT BOSCH, PRE-TECH, AND YOU 


There is a tremendous need for qualified mechanics and technicians in the growing diesel 
engine market who can correctly service and troubleshoot fuel injection systems. Since 
many diesels use Robert Bosch fuel injection systems, we have developed the PRE-TECH 
training program to help you better understand these systems. 

PRE-TECH stands for Pre-Technician Training, and is a self-paced program. If you are a 
pump technician, PRE-TECH offers you the opportunity to use this self-study course to 
learn more about our equipment, its theory of operation, and repair and calibration. If you 
are a tech school student this program can open the door to employment opportunities. We 
have developed this program knowing that your personal goal, that of, the Service Dealer¬ 
ship you work for, the Central Distributor, and the Robert Bosch Corporation is SERVICE 
EXCELLENCE: maintaining the superior quality, and workmanship, of our products. Before 
you start PRE-TECH, you should know something about Robert Bosch and his company. 

Robert Bosch was a highly innovative technician and engineer who in 1886 in Stuttgart, 
Germany with one journeyman mechanic and one apprentice, opened the "Werkstaette 
fur Feinmechanik and Electrotechnik"; a workshop for precision mechanics and electrical 
engineering. Within 12 months they delivered the first low voltage magneto for a stationary 
gas engine. Fourteen years later the Bosch Magneto Co. opened its first factory, employed 
45 people and produced 1,015 units. By 1910 over a half a million magnetos had been 
made. 

Robert Bosch designed and produced his products to the highest degree of quality possible. 
The company prospered by following his motto: 

"It has always been an unbearable thought to me that someone could inspect one of 
my products and find it inferior. I have therefore always tried to ensure that only such 
work goes out as will stand any objective test, in other words, that is superior in all 
respects." 

With these operating principles in mind, Robert Bosch developed more complex electrical 
systems. In the late 1800's and early 1900's, Bosch manufactured the first successful high- 
tension ignition system for the automobile; the high-voltage magneto and spark plugs which 
made the development of the compact high speed gasoline engine possible. In the early 
1900's Robert Bosch established offices in Great Britain and New York, and opened manu¬ 
facturing facilities in Paris, France and Springfield, Masssachusetts. 

Around 1920 Robert Bosch worked with Rudolf Diesel to develop a high pressure fuel 
injection system for Diesel's new type of engine. In 1927 Bosch introduced one of the 
first successful high pressure fuel injection pumps. It was the culmination of many years 
of development and research during which immense difficulties had to be overcome. 
Extremely small amounts of fuel at extremely high pressures had to be metered exactly, 
and exceptionally high standards of manufacturing accuracy had to be attained. The com¬ 
pact diesel engines made possible by the new Bosch pumps were experimentally installed 
in a few vehicles, and by the end of the first year of manufacture more than 1,000 pumps 
had been sold. Sales of the pumps followed the path of the magneto and by the late 1930's 
hundreds of thousands of injection pumps had been sold, and the company employed more 
than 21,000 people. 


i 


When Robert Bosch died on March 12, 1942, he left behind a company which in only 56 
years had become a world leader in Automotive Electrical Systems, Diesel Fuel Injection 
Systems, portable power tools, household appliances, radios, and much more. In the same 
year, the U.S. branch of the company separated and American Bosch became an indepen¬ 
dent company. It is important to know that we are now two separate companies, and are 
not connected in any way. 

In May of 1973, to better serve the expanding U.S. diesel marketplace, the Robert Bosch 
Corporation began manufacturing diesel fuel injection equipment near Charleston, South 
Carolina. Today, the Robert Bosch Corporation is the aftermarket sales and service division 
of Robert Bosch Industries. It is committed to an ongoing program of SERVICE EXCEL¬ 
LENCE, and here is where you and PRE-TECH come in. 

Diesel injection equipment is fairly complex, and is manufactured to extremely tight speci¬ 
fications. To help you understand the operational theory, repair, and testing of our equip¬ 
ment the PRE-TECH Service Training Program was developed. By going through this 
program as carefully as possible you will learn the basic skills needed to service our diesel 
injection equipment. 

PRE-TECH Phase I consists of six self-study modules. Some of the modules use audio¬ 
visuals, others use workbooks. All the modules have exercises which will allow you to 
demonstrate what you have learned. These modules are: 

Module 1 — Diesel Basics 

Module 2 — Product Identification 

Module 3 — Product Nameplates 

Module 4 — Pump and Governor Operation 

Module 5 — Metrics in the Shop 

Module 6 — Injector Operation, Service and Testing 

If you work for a Bosch contracted service dealer, your shop supervisor has set up the 
program track for you. To attend any factory school you will have to pass the PRE-TECH 
final exams. 

PRE-TECH supports the Bosch concept of SERVICE EXCELLENCE. All the products 
designed and produced by the 65 worldwide divisions of the Bosch Group are done so with 
the highest of quality in mind. Quality has always been our goal, and it should also become 
yours. Welcome to Bosch, and let's get started. 
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INTRODUCTION TO 
DIESELS 


INTRODUCTION 


Now that you have been introduced to Robert Bosch and to PRE-TECH, it's time to 
start. 

This module consists of two audio-visual programs. Introduction to Diesels and Diesel 
Injection and Governing, plus two review exercises which are contained in this review guide. 
In the first program you will be introduced to the Diesel engine and how a Diesel engine 
differs from a gasoline engine. Program two presents basic information about how Robert 
Bosch Diesel injection pumps, governors, and injection nozzles work. 

PROGRAM OBJECTIVES: INTRODUCTION TO DIESELS 

When you have completed Introduction to Diesels you will be able to: 

1. Describe the Diesel four-stroke cycle, contrasting it to the four-stroke cycle of a gasoline 
engine. 

2. Describe how and when Diesel fuel is injected into the engine cylinder. 

3. List the important components found on Diesel engines but not on gasoline engines; list 
gasoline engine parts not found on Diesel engines. 

4. Describe how a governor controls engine speed. 

5. List the three jobs of an injection pump. 

6. List the two functions of an injection nozzle. 

7. Describe Diesel fuels in terms of energy content, the functions of Diesel fuels as a lubri¬ 
cant and coolant, and explain the importance of avoiding fuel contamination. 

8. List four benefits associated with Diesel engines. 

9. List three reasons for the superior economy of Diesel engines. 
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SPECIAL EQUIPMENT 


To complete this program you will need the Introduction To Diesels and the Diesel Injec¬ 
tion and Governing audio-visual programs, the appropriate play-back equipment, and this 
review guide. The different types of audio-visual presentations (formats) and the types of 
required equipment to view each format are listed below. Read the operating instructions 
for the equipment you will be using before attempting to view the programs. 

Slide/Tape Format 

You will need either an automatic slide/tape player or a manual slide projector and 
separate tape player. Side A of the cassette tape has inaudible pulses which trigger 
the advance mechanism of automatic slide/tape players. Side B of the tape has tone 
pulses which you can hear to indicate when you should advance to the next slide. 
Before you begin, be sure that you are using the correct side of the cassette tape for 
the equipment you are using and rewind the tape completely to be sure you are at 
the start of the program. 

Filmstrip/Cassette Tape Format 

You will need either an automatic filmstrip/tape player or a manual filmstrip pro¬ 
jector and separate tape player. Side A of the cassette tape has inaudible pulses 
which trigger the advance mechanism of automatic filmstrip projectors. Side B of 
the tape has tone pulses which you can hear to indicate when you should advance 
the filmstrip to the next scene. Before you begin, be sure that you are using the cor¬ 
rect side of the cassette tape for the equipment you are using and rewind the tape 
completely to be sure you are at the start of the program. 

Film/Tape Cartridge Format 

Because of the variety of film/tape cartridge players available, we have not included 
instructions for this equipment. Be sure to read the operating instructions that come 
with the equipment you are using before viewing the audio-visual program. 

If you have any questions about how to use the audio-visual equipment, see your supervisor 
or instructor. 

SPECIAL INSTRUCTIONS 

DO NOT use or refer to the review guide until you have finished viewing the audio-visual 
program or you are instructed to do so. The visuals in the program are produced in colors 
which present important information. The black and white reproductions of these visuals 
used in the review guide may not show the discrimination between these colors and, there¬ 
fore, may not completely present the information from the color visual. In addition, the 
audio-visual program may have been revised with updated visuals which may not be re¬ 
flected in the review guide. These changes in visuals will not alter the meaning or content of 
the information contained in the review guide. 

Start the audio-visual program, Diesel Basics, at this time. Sit back and let the colors, 
motion, and sound help you learn. When the program ends, turn to page 3 and continue 
as instructed. 
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REVIEW EXERCISE: INTRODUCTION TO DIESELS 


Now that you have finished viewing the audio-visual program, complete this review exercise. 
If you have a problem answering any of the questions, use this review guide, pages 7 through 
28 to locate the correct answer. The numbers following each question indicate the range of 
scenes where the correct answer can be found. 

Place a check to indicate the correct answer or answers to the following questions. 

1. Diesel engines are different from gasoline engines because diesel engines use- 

ignition. (10-15) 

_a. spark 

_b. magneto 

_c. compression 

2. The four strokes of the diesel engine, listed in the correct order, are: (13-17) 

_a. suck, squeeze, bang, blow 

_b. intake, compression, power, exhaust 

_c. induction, combustion, compression, exhaust 

3. During the intake stroke, the diesel engine takes in: (15-20) 

_a. air only 

_b. fuel only 

_c. fuel and air 

4. Diesel injectors deliver the fuel directly into the_. (20-26) 

_a. cylinders 

_b. carburetor 

_c. intake manifold 

5. What gasoline engine parts does a diesel engine do without? (28-34) 

_a. carburetor 

_b. cylinder head 

_c. ignition coil 

6. The cylinder head and pistons in a diesel engine are_as those used in a 

gasoline engine. (34-38) 

_a. lighter 

_b. the same as 

_c. somewhat sturdier 
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Fill in the correct word or words to correctly complete the following statements. 

7. The_controls the speed of the engine. (42-47) 

8. The injection pump has three jobs. They are: 

a. to__ . (46-50) 

b. to_(48-53) 

c. _(50-55) 

9. The fuel injectors_and_the fuel. (53-58) 

10. Besides providing the power for the diesel engine, diesel fuel serves to_ 

(60-64) and_(62-66) some moving parts. 

11. We must avoid_(62-66) and_(65-70) in diesel fuel. 

12. List four advantages of a diesel engine. (70-80) 


When you have finished this exercise, review your answers. Then show the completed exer¬ 
cise to your instructor or supervisor. Have your instructor or supervisor record your progress 
on the Student Progress Sheet. 

Now turn to page 29 of this review guide to begin program two, Diesel Injection and 
Governing. 
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Advance to black frame 
Start sound 
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6= It has been called the new sound of economy — the Diesel 


7. Once underway, it's the quiet sound of power — of low emis¬ 
sions and long life. 




8. You're seeing Diesels from more and more car makers, faced 
with conflicting demands of drivabilsty, economy standards 
and emission certification. 
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9. Motorships were early users of Diesels — early engines were so 
heavy. Seventy years later, Diesels have taken over — most of 
the vessels at sea. 



10. Most of the world's locomotives . . . 


11. ... tractors and agricultural implements ,. . . 


12. ... industrial applications, mobile and stationary . . . 
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13. ... and just about all heavy trucks and busses. 




14. But whatever the size and application, all Diesels depend on the 
same principle. What is it that really makes Diesels different 
from gasoline engines? 



15. Compression ignition, the compression of intake air until it's 
hot enough to ignite the fuel without a spark. Let's look further 
at how gasoline and Diesel engines are alike — and how they 
differ. 



16. In using four-stroke cycles of intake, compression, power and 
exhaust, most smaller Diesels are like gasoline engines. 
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17. But the intake strokes are different. While the gasoline engine 
takes in a combustible mixture of air and fuel, the Diesel takes 
in just air. 



18. Compression of an air-gasoline mixture is limited, currently to 
a ratio of about eight to one. Otherwise, the mixture could get 
hot enough to ignite while the piston is still rising. The results — 
pre-ignition, loss of power, possible engine destruction. 



19. Diesel compression ratios can be much higher — twenty to one 
and more. Compression can heat the air to 1500 degrees 
Fahrenheit, hot enough to ignite the fuel when it arrives. 



20. In the gasoline engine, ignition is provided electrically. The 
power stroke begins when the high voltage spark ignites the 
air-fuel mixture. 
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21. By contrast, in the Diesel, ignition occurs at the time of injec¬ 
tion. The vaporized fuel is ignited by the red hot air. 



22. What is similar in the two engine types? In both power strokes, 
the burning air-fuel mixtures drive the pistons down. 



23. Similarly, the exhaust strokes clear out the cylinders, ready for 
the next four-stroke cycle. 



24. The basic difference then, is the compression ignition of hot air 
mixed with fuel injected at high pressures. Some Diesels are 
heavy. . . 
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25. ... but modern Diesel practice can reduce weight differences to 
less than 10 percent. 


26. Diesel injectors deliver fuel into the cylinders at very high 
pressures — for quick delivery and good vaporization, much 
higher pressures than gasoline injected into a manifold. 



27. In most Diesels, fuel is injected into a precombustion chamber 
from which flame spreads to the cylinder. In other engine 
designs, Diesel fuel is injected directly onto the piston. 
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28. So our first quick look at the Diesel shows it's a compression 
ignition engine, usually four-cycle. 
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30. The spark ignition system of gasoline engines — coil, spark 
plugs, distributor, cables — perhaps some radio interference. 
Let's get rid of that! 


31. 




32. The gasoline carburetor, with its need for frequent resetting 
and tune-ups; and perhaps under the car, a catalytic converter. 
Away with the carburetor and converter! 
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34. Other gasoline emission controls, vacuum lines, E-G-R, evap¬ 
orative control system and other mechanics' miseries. Good 
riddance! 
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38. . . . add a set of glow plugs (for cold starts) . . . 


39. . . . add the engine-driven injection pump . . . 


40. ... add injectors and connecting high pressure lines, one for 
each cylinder. . . 
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42. ... and an air filter over a simple intake manifold. Compared 
to some gasoline engines, Diesels are simple. 



43. Pumps and injectors for a Diesel system come in many sizes, 
shapes and pressure ranges. Most injection pumps come with a 
built-in governor; sometimes they're subassemblies. Let's look 
briefly at the job each of these parts must do. 



44. The governor controls the speed of the engine. You'll remember 
that the air flow is unthrottled so engine speeds are determined 
by the amount of fuel injected. 
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45. With the control lever at idle, how much fuel is delivered? Just 
enough to keep the engine running. 
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46. With the control lever at max. RPM position, the governor de¬ 
livers fuel according to demand, while avoiding dangerous over¬ 
speeding. 



47. Connected by linkage to the driver's foot pedal, it can be a 
variable RPM speed control — what we used to call a 
"throttle." 



48. if the job of the governor is control of the RPM, what is the job 
of the injection pump? It has three jobs. 
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49. One, develop fuel pressure to overcome compression pressure 
inside the cylinder and to vaporize the fuel. 



50. Two, meter or measure the fuel, delivering the right amount for 
the demand and speed. 



51. Three, timing — ignite the mixture for each changing condition, 
often with an accuracy of one-half degree of crankshaft revolu¬ 
tion, as little as twenty millionths of a second! 



52. All right, the governor controls the speed and the injection 
pump controls the fuel quantity and the timing of fuel delivery. 
What do the injectors do? 


19 











w 

V/ 

ATOMIZE 

T 


■ w 

1 / 

DISTRIBUTE 


53. Injectors atomize the liquid fuel into a burnable vapor and dis¬ 
tribute the fuel through the pre-combustion chamber of the 
cylinder. 



54. Different requirements are met by different kinds of injectors, 
as shown by their spray patterns. 



55. 



56. 
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59. Is it an oil? Well, big ships burn heavy Diesel oil, but Diesel fuel 
for cars, trucks and tractors is a lighter distillate. 



60. Compare Diesel fuels to gasoline and to motor oil. Diesel fuels 
have a lot more energy than gasoline does. 
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61. Diesel fuel number one is lighter for winter, but Diesel number 
two is the more widely used. 
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62. Yet Diesel fuel has lubricating properties, something like motor 
oil. Where gasoline tends to wash away lubricating oil, Diesel 
fuel serves as a lubricant itself and tends to extend the life of 
moving parts. 



63. Diesel fuel can also serve as a coolant. Circulating fuel, return¬ 
ing from the injection pump, carries away heat from the moving 
parts. 



Even at the sub-zero temperatures of dry ice, Diesel fuel will 
not freeze, although, in some fuels, the paraffin or wax could 
stiffen and plug the filters. 
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65. Even a small amount of water.. . 




. . . will form a sludge and possibly freeze in a manner that 
could plug the lines or the filters. So we must avoid water in 
Diesel fuel. 




68. With minimum service and adjustment, Diesel engines are pro¬ 
viding a variety of owners and operators with many benefits. 
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69. What does Diesel mean (besides the name of the inventor)? 
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70. Diesel is associated with dependability. 



71. 


Free from the carburetor and its hoses — free from the spark 
ignition system which most owners blame for their service 
troubles. 


72. Inherent emission control. Inherent in the precise control of 
fuel burning in plenty of 

Inherent 

Emission control 



\ 
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73. Exhaust which passes clean air tests to the tightest limits for 
hydrocarbons and carbon monoxide — and is strongly com¬ 
petitive for NOX, the oxides of nitrogen. 



74. The inherent emission control of modern Diesel cars and 
trucks is overcoming the reputation set up by earlier heavy 
vehicles. 



75. Stamina, the ability to operate for extended time periods. 



76. Where Diesel car owners praise their engines as lasting far longer 
than gasoline engines, many Diesel truckers roll up such high 
mileages in a routine way. 
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77. Diesel means economy. Typical mileage gains of 25 to 40 
percent over comparable gasoline cars. 



78. Economy resulting from the complete burning of higher energy 
fuels in high compression ratio engines. 



79. Finally, Diesel has meant large and lumbering, but along with 
that image . . . 
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81. ... and lively performance as experimental turbochargers boost 
Diesels to new speed records, leading to production turbo 
Diesels. 


82. Dependability, inherent emission control, stamina, economy, 
and later the addition to large Diesels of increasingly light and 
lively Diesels. 


83. All based on the high compression of air until it's hot enough to 
ignite injected fuel — . . . 


84. . . . compression ignition. 
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85. Many of these Diesels based on precision components such as 
injectors, injection pumps and governors . . . 
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. . . brought to you by Robert Bosch. 
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DIESEL INJECTION & GOVERNING 
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INTRODUCTION 


Now that you have been introduced to diesels, let's continue with the second program in 

this module. 

If you have any questions about how to use the audio-visual equipment, refer to the 

SPECIAL EQUIPMENT instructions on page 2. 

PROGRAM OBJECTIVES: DIESEL INJECTION AND GOVERNING 

When you have completed Diesel Injection and Governing, you will be able to: 

1. Identify the major parts of a fuel injection system. 

2. Discuss the pressurizing of fuel in an injection pump, contrasting the plunger actuation 
of an inline pump with that of a distributor pump. 

3. Describe how the quantity is varied by changing the effective-stroke from port-closure 
to port-open. 

4. Discuss the relation between port-closure and timing - the initiation of injection. 

5. Discuss the relation between port-opening and metering - the completion of injection. 

6. Describe how an injector-nozzle works together with the delivery-valve in the pump to 
prevent dribble at beginning and end of injection. 

7. Discuss tolerances and the importance of clean fuel; the need for matched or mated 
parts; the use of leakoff fuel. 

8. Describe how the governor controls metering of fuel by the pump; list relative fuel 
delivery per stroke at low-idle, peak-torque, startup. 

9. Describe how governor flyweights react to changes in RPM to control fuel delivered. 

10. Explain fuel shutoff during coast and during engine stop. 


SPECIAL INSTRUCTIONS 

DO NOT use or refer to the review guide until you have finished viewing the audio-visual 
program or you are instructed to do so. The visuals in the program are produced in colors 
which present important information. The black and white reproductions of these visuals 
used in the review guide may not show the discrimination between these colors and, there¬ 
fore, may not completely present the information from the color visual. In addition, the 
audio-visual program may have been revised with updated visuals which may not be re¬ 
flected in the review guide. These changes in visuals will not alter the meaning or content of 
the information contained in the review guide. 

Start the audio-visual program, Diesel Injection and Governing, at this time. Sit back and 
let the colors, motion, and sound help you learn. When the program ends, turn to page 32 
and continue as instructed. 
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REVIEW EXERCISE: DIESEL INJECTION AND GOVERNING 


Now that you have finished viewing the audio-visual program, complete this review exercise. 
If you have a problem answering any of the questions, use this review guide, page 37 
through 61 to locate the correct answer. The numbers following each question indicate the 
range of scenes where the correct answer can be found. 

Place a check to indicate the correct answer or answers to the following questions. 

1. The_pump moves the fuel from the tank to injection pump. (10-14) 

_.a. fuel 

_b. feed 

_c. injector 

2. The pump in question one is a part of the_: (15-18) 

_a. starting circuits 

_b. low pressure circuits 

_c. high pressure circuits 

3. Injection pump pressures are developed by a plunger in a barrel moved by a cam. (18-22) 

_True 

_False 

4. The stroke of the plungers in the barrels vary with the fuel demand. (20-25) 

_True 

_False 

5. Fuel delivery begins: (22-26) 

_a. at plunger lift 

_b. at port opening 

_c. at port closure 

6. Fuel delivery stops when the_is relieved. (25-30) 

_a. pump 

_b. port 

_c. pressure 

7. Changes in the quantity of delivered fuel are made by changing the_stroke 

of the plunger. (30-34) 

_a. actual 

_b. efficient 

_c. effective 

8. The governor, with the injection pump, determines how much fuel is delivered to the 
injectors. (30-34) 

_True 

__ False 
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9. The initial point of injection on a diesel engine cannot be adjusted. (30-34) 

_True 

_False 

10. Fuel injection nozzles are similar to water hose nozzles. (32-37) 

_True 

_False 

Fill in the correct word or words to correctly complete the following statements. 

11. A_valve in each high pressure line helps the injector nozzle shut 

quickly to avoid fuel dribble. (40-45) 


12. The injector delivers fuel only at. 


pressure in a fine. 


. with no 


_at the beginning or end of delivery. (46-49) 

13. Each injector is manufactured with its own_(46-49) 

_the nozzle assembly. (50-55) 


14. Leak-off fuel serves to_ 

15. _fuel is metered to the engine at peak horsepower than at peak 

torque. (60-65) Why?_(63-68) 


16. The greatest quantity of fuel is delivered at. 


.. (65-72) 


17. A set of. 
(70-75) 

18. The_ 


.move the 


the injection pump. (70-75) 

19. When the engine is coasting, fuel flow is. 

20. To stop a diesel engine you must_ 


in mechanical governors controls the amount of fuel delivered. 
_ to turn the plungers in 


.. (80-88) 


.the fuel flow (88-97) 


When you have finished this exercise, review your answers. Then show the completed exer¬ 
cise to your instructor or supervisor. Have your instructor or supervisor record your progress 
on the Student Progress Sheet. 


Go on to Module 2: Product Identification and Application 
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5. Diesels are coming. You've seen that more and more passenger 
cars are turning to Diesel engines . . . 





7. You know that all Diesel engines depend on compression 
ignition. Instead of taking in fuel mixed with air outside the 
cylinder. . . 
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9. Compression of air can be much greater than compression of an 
air-fuel mixture. 



10. When Diesel fuel is injected, compressed air temperatures are 
high enough to ignite the fuel. 



11. What does the power depend on? Remember most Diesels are 
not throttled. They take in all the air they can get. So what 
controls power? 



12. Right, the fuel delivered — how much and when. That is the job 
of the fuel injection and governing systems. 
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13. What do we need for a fuel injection system? 


FUEL 

INJECTION 

SYSTEM 



14. To begin with, we need to move the fuel from the tank to the 
injection pump. In most applications, this is done with a feed 
pump, something like the fuel pump on a gasoline engine. 



15. You may see a supply pump mounted externally as on this 
in-line injection pump. 



16. Or you may find it inside, as in this distributor type pump, used 
in the Diesel Volkswagens. 
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17. Feed pumps supply fuel through filters at pressures about 25 
pounds per square inch. These are referred to as low pressure 
circuits. 



18. In comparison, that is, to peak line pressures up to 10,000 PSI. 



19. Injection pump pressures begin with a plunger in a barrel, a sort 
of a piston in a cylinder moved by a cam. 



20. On most engines, a cam shaft provides the motion with a 
separate injection plunger for each cylinder. 
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21. On other engines, a cam plate moves a single injection plunger 
while rotating it to distribute fuel to all cylinders, one at a time. 



CAM PLATE 



22. Are the strokes of these plungers the same every time? Yes, just 
like the lift of a valve in an engine. If every stroke is constant, 
how do we vary the quantity delivered? 



23. Fuel delivery does not begin immediately when the plunger 
lifts. 



24. Delivery begins at port closure when the feed port is closed by 
the movement of the plunger. 
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25. From port closure, pressurized delivery could continue for most 
of the plunger stroke. 


DELIVERY 


eoc 


PORT CLOSURE 




26. Or, delivery could stop during the stroke when a lower control 
edge opens a passage from the top of the plunger to the feed 
port. Relieving the pressure stops delivery. 



27. The greater the distance to the lower control edge, the longer 
the effective stroke. The less the distance, the shorter the effec¬ 
tive stroke. 



28. From port closure to port open, full quantity is delivered with 
the longest effective stroke .. . 
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29. . . . while partial quantity is delivered with a shorter effective 
stroke. Can we change the effective stroke to meet changing 
demands for fuel delivery? 



30. Yes, instead of being straight, the lower control edge is made 
with an angle, called a helix. If this plunger is turned slightly in 
the barrel, it changes the effective stroke and thus the quantity 
of fuel delivered. Later you'll see how the governor determines 
plunger turning to control fuel flow. 



31. The governor, with the injection pump, controls how much 
fuel is delivered. The pump also determines when the fuel is 
delivered — the timing. When does the fuel delivery begin? With 
port closure which will initiate injection. 



® VEHICLE EMISSION CONTROL INF 
DISPLACEMENT: IBS CU. IN.ENGINE FAN 
THIS VEHICLE IS CERTIFIED FOR SALE BOTH AT LON AND 

IXfftAL LT:2e7K:J:24±1 DEB. DUG, IDLE-RPM 701 
VALVE LASH AT U\ 
VALVE LASH AT NA1 
MEASL 

THIS VEHICLE CONFORMS TO U S-E.Pj 


32. The Diesel initial point of injection can be adjusted in much 
the same manner as spark ignition timing. 
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33. All right, the injection pump is supplied with low pressure fuel, 
develops high pressure and meters the fuel — how much and 
when — and delivers it to the nozzles. Fuel injector nozzles are 
quite different from . . . 



34. ... a water hose nozzle. As you know, before the shut-off valve 
turns on the pressure, there is no delivery. 



35. As the valve is opened and the pressure begins to rise, liquid 
dribbles from this nozzle instead of coming out as spray. 



36. When the pressure is turned on high, the nozzle does its job of 
spraying a fine mist. You'll remember that's what you want in 
a Diesel nozzle. 
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37. As the flow is turned off and the pressure drops again, the fine 
spray turns into a liquid dribble. In a combustion chamber, such 
a dribble is bad news! 



38. How can we prevent dribble? Each Diesel injector or nozzle 
contains a spring loaded needle valve. 



39. Let's look at how pressure might build from port closure during 
the stroke of the plunger. 



40. After port closure, pressure rises. But at first, the needle valve 
stays closed and no fuel is delivered by the injector. 
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41. When pressure is high enough to overcome the injector spring, 
the needle valve pops open and delivers fuel at high pressure 
into the chamber in a fine mist. 



42. With port opening at the plunger, pressure at the injector falls, 
and the spring pushes the needle shut, cutting off delivery. 



43. To help the needle shut quickly, a delivery valve is provided in 
each high pressure line, a one-way check valve. 



44. High injection pump pressure opens the delivery valve for fuel 
flow. But as the helix relieves plunger pressure . . . 
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45. . . . the retraction collar snaps down, acting as a piston to pull 
fuel away from the injector so its needle can close faster. 



BDC 


STROKE 


46. In summary, the injector delivers fuel only at high pressure in 
a fine spray mist with no dribble at the beginning or end of 
delivery. What does it take to provide this kind of precise con¬ 
trol of fuel under pressure? 




47. It requires a precision needle valve in an injection nozzle. 


48. Each injector is manufactured with its own needle; nozzle 
assemblies are fitted together with very fine tolerances. 
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49. In fact, the tolerances are so fine that the injector body doesn't 
have to be chilled very much . . . 



50. . . . until the contraction of the cooler body will not allow the 
warmer needle to enter. Fine tolerances are one reason why 
Diesel fuel must be absolutely clean fuel. 



51. With a matched pair at the same temperature, the tolerances 
will allow the needle valve to drop into the nozzle body. 


52. The tolerances are so fine that only a small amount of fuel leaks 
by the needle. Can we use this leak-off fuel? 
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53. This fuel serves to lubricate the nozzle assembly. A leak-off con¬ 
nection circulates a small part of the fuel back to the supply or 
low pressure system. 



54. That's why you'll usually see leak-off lines — extra fuel lines in 
addition to the steel high pressure lines from the injection 
pump. 



55. Now you see how these parts work together for the fuel 
injection — the fuel feed pump and filter in the low pressure 
circuits, the injection pump and the high pressure circuits 
with delivery valves, injection nozzles, needle valves and the 
return of leak-off fuel. But is injecting the fuel the whole story? 



No, governing the fuel delivery is also important — to control 
engine speed. 
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57. Diesel engine governing is sensitive to engine speed and some¬ 
times works directly to control engine RPM. For example, at a 
stop light. . . 




58. ... RPM will be controlled at low idle, a speed below which 
the engine will not run. 



59. To prevent engine damage, the governor must also control 
maximum RPM. 
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61. If air rushes into the Diesel with no throttling, what controls 
engine speed and power? Right, metering the fuel. 




63. Of course, low idle delivers a certain amount of fuel per plunger 
stroke, depending on the engine. For our comparison, let's call 
it "one." 



64. To run at load takes more fuel. At full load, peak torque is 
developed at some middle engine speed with a fuel quantity 
we'll call "ten." 
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65. As you speed the engine further to rated speed — peak horse¬ 
power — less fuel is metered than at peak torque. Why is that? 




66. Because at the higher RPM's, air cannot get into the engine as 
efficiently. The engine does not pump its air as well, so it needs 
less fuel — to prevent smoking from an over-rich mixture. 



67. Breakaway is the most important governing point. It prevents 
dangerous overspeeding once peak horsepower is reached. 
Beyond this speed, the governor cuts back fuel. 


BREAKAWAY* 


HIGH IDLE’ 


68. Again, with no load on the engine, the governor limits fuel to 
control RPM at what Diesel people call "high idle." 
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69. But the greatest quantity is delivered at start-up. The governor 
will allow perhaps twice as much fuel as at full load, about 
"twenty." 



70. You can often see the extra fuel delivered for starting. In some 
cars, it may cause smoke. Start-up smoke disappears as the 
governor cuts back to low idle fuel quantity. 



71. So the governing system controls fuel for start-up and for 
various combinations of demand and RPM. Let's see how. 


GOVERNING 

* mechanical 

* pneumatic 

* hyrtr.'iulk: 

* electronic 


72. In Diesel governing, all these methods follow the same princi¬ 
ples. We'll cover mechanical governing because it is the most 
common. 
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73. A set of flyweights controls the quantity of fuel in mechanical 
governors. 




74. Whatever the shape of weights in different types of in-line 
governors. . . 


. i PLUNGER 
RACK ft (HELIX) 


PIVOT 


FLYWEIGHTS 


75. ... as the flyweights fly out with increasing RPM, the fly¬ 
weights move the control rack to turn the plungers. 



76. How does that control fuel? You remember, if the plunger is 
turned for part load, the helix uncovers the feedport earlier in 
the stroke than when the plunger is turned for full delivery. 
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77. We've seen that plunger full stroke delivers this quantity of fuel. 
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78. And you know what happens when the lower control edge of 
the helix uncovers the feed port earlier. 


79. As soon as the port opens, fuel delivery is cut off by the needle 
valve in the injector. 


POUT OPENING 

s 

P PORT OPENING 

0 .. 

K 

E 

PORT OPENING 


poutClosure 
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80. With less fuel, engine RPM drops. The flyweights move to¬ 
gether. The levers move the rack and turn the helix so the fuel 
quantity is proper for this load and speed. 
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81. For an increase in speed, the accelerator moves the control 
lever at the governor. 



. PLUNGER 
RACK___j| (HELIX! 



FLYWEIGHTS 


82. This changes the spring forces on the flyweights and moves 
the rack, turning the helix to maintain high injection pressures 
for longer times. 




83. When the helix causes port opening later in each plunger stroke, 
additional fuel is delivered and the engine accelerates. Other 
types of injection pumps control amounts of delivery by other 
methods. 



84. You've seen that fuel is delivered — metered and timed — while 
the engine is running. But fuel is also shut off while the engine 
is running, under two conditions. 


55 














85. First, when a Diesel coasts — that is when the car drives the 
engine. 




86. When the driver releases pressure on the accelerator pedal . . . 


87. ... the rack turns the plunger so all fuel spills back to the feed 
port. 



. .. u l( 1 " i 


88. Fuel flow is zero because the plunger develops no injection 
pressure. This is not like a carburetor which sucks gasoline even 
when none is needed. 


ZERO Fuel Flow 
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89. As engine speed drops to idle, the governor delivers fuel again 
unless the second condition — the driver wants to stop the 
engine. 





91. ... causes the fuel cut-off to stop the engine. Diesels are stopped 
by fuel cut-off, whether mechanical, electrical or vacuum. 



92. What you have learned in this general presentation on injection 
and governor systems . .. 
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93= . . . should help you understand more specific instruction to be 
presented later, ft should also help you to understand . . . 




. . . a few general maintenance instructions for all Diesels. When 
you remember the fine tolerances of injectors and pumps. . . 



95= ... you'll remember the importance of clean Diesel fuel and the 
need for servicing the fuel filters. 



96= If you remember that some Diesel fuel gets into the lubri¬ 
cating oil in the crankcase, and — unlike gasoline — does not 
evaporate. . . 
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97. ... You'll know that regular oil changes at prescribed intervals 
are particularly important with Diesel engines. Oil used longer 
than recommended threatens engine life. 



98. 


But with clean air and clean fuel, with proper lubricating oil, 
Diesels run amazingly long times with minimum service. 



99. With no ignition system to keep in tune, owners of Diesel 
engines, with compression ignition, will long boast of their 
vehicles' fuel economy and long life. 
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REVIEW EXERCISE ANSWER PAGE 


INTRODUCTION TO DIESELS 

1. c 

2. b 

3. a 

4. a 

5. a,c 

6. c 

7. governor 

8. develop fuel pressure, meter (or measure) the fuel, timing 

9. atomize, distribute 

10. cool, lubricate 

11. water (moisture), dirt 

12. dependability 
inherent emission control 
stamina 

economy 
light weight 


DIESEL INJECTION AND GOVERNING 

1. b 

2. b 

3. True 

4. False 

5. c 

6. c 

7. c 

8. True 

9. False 

10. False 

11. delivery 

12. high, spray mist, dribble 

13. needle 

14. lubricate 

15. Less - The engine does not pump its air as well at higher RPM. 

16. start-up 

17. flyweights 

18. flyweights, control rack 

19. cut (shut) off 

20. cut (shut) off 


